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Abstract: The synthesis of a hexa-peri-hexabenzocoronene (HBC) 
with a central borazine core is described. The solid state structure of 
this BN doped HBC (BN-HBC) is isotypic with that of parent HBC. 
Scanning tunneling microscopy shows that BN-HBC is lying flat on 
Au(111) and is two-dimensional. 
Nanographene molecules are well-defined polycyclic aromatic 
hydrocarbons (PAH) that resemble a segment of graphene.[1] 
Progress in synthetic and analytic methodologies made disk-like 
nanographene molecules of unprecedented size available. Due 
to their geometric confinement, their electronic structures differ 
from that of graphene. They do have finite energy gaps and 
nanographene molecules may indeed be considered carbon 
based quantum dots. Due to their high thermal and chemical 
stability, good film forming properties and high charge carrier 
mobility nanographene molecules are sought as materials for 
organic electronics in applications such as organic field effect 
transistors, organic photovoltaics, and organic light emitting 
diodes.[1] 
An iconic representative of nanographene molecules is 
hexa-peri-hexabenzocoronene (HBC, Scheme 1), sometimes 
called “super-benzene”.[1d] Though long known,[2] its potential in 
organic electronics could only more recently be studied as high-
yielding syntheses of this PAH and efficient strategies for its 
chemical functionalization were missing for a long time.[3] 
Substitution at the periphery of HBC allowed for tailoring the 
properties and achieving liquid crystallinity, self-organization into 
nanoscale objects, and application in OFET and OPV.[1] 
An alternative and attractive means of modifying the intrinsic 
electronic properties of nanographenes without changing 
molecular size is the substitution of CC units by isoelectronic BN 
units.[4] Theory suggests that BN doping increases the HOMO-
LUMO and optical gap of HBC,[5] and similarly that of graphene. 
Consequently, BN doping has been investigated as a possible 
means of introducing a band gap in graphene.[6] Such 
approaches are often plagued with segregation of carbon and 
hexagonal boron nitride phases or allow only an undefined and 
unpredictable way of incorporating BN units. Well-defined BN 
doped nanographenes may offer an alternative means for 
modification and may be a feedstock for CVD synthesis of BN 
doped graphene.[7] Only a small number of molecules are known 
where boron and nitrogen atoms are fully surrounded by carbon 
hexagons, and these include BN-pyrene and a B2N2 derivative of 
perylene that were reported by the Piers group.[8] 
The atom precise bottom up synthesis of extensively BN 
doped HBC poses a challenging problem as reliable strategies 
for incorporation of BN units into this nanographene are 
unknown. The oxidative cyclodehydrogenation methods that 
proved to be so successful for the synthesis of HBC failed to 
produce BN-HBC from hexaphenylborazine.[5] The overcrowded 
propeller-like B3N3-hexabenzotriphenylene 1 with three of the six 
required C–C bonds already installed is accessible either by 
treatment of 10-chloro-10,9-borazarophenanthrene with bulky 
bases or by heating N,N’,N’’-tris(2-biphenylyl)borazine 2 to 
405 °C.[9] Unfortunately, attempts to close 1 to BN-HBC under 
Scholl conditions were unsuccessful and oxidative 
photocyclization closes only one of the three missing C–C bonds 
to give 3.[10] 
 
Scheme 1. Synthesis of BN-HBC and 4 from 2. 
Thermolysis of 2 at 550 °C produces BN-HBC (Scheme 1) 
according to laser desorption ionization time of flight mass 
spectrometry (LDI-TOF-MS). The major product is 
tetraazatetraborocine 4 that we isolated earlier in very small 
amount as by-product of the same reaction run at 405 °C. 
Separation of BN-HBC from the crude reaction mixture is 
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challenging. Extraction of the dichloromethane soluble by-
products followed by high-vacuum sublimation allows achieving 
samples that still contains some 4 according to MS, solid state 
11B NMR, and powder diffraction. 
BN-HBC is obtained after sublimation as yellow powder that 
is very poorly soluble in organic solvents. Diagnostic of the 
borazine core is the strong absorption at 1384 cm–1 in the 
infrared spectrum of the compound that is associated with the 
BN stretching vibration ν(BN). The energy of this vibration 
continuously increases in the series of 1 (1366 cm–1),[9c,d] 3 
(1375 cm–1),[10] and BN-HBC (1384 cm–1) indicating that along 
with planarization a stiffening of the BN bonds occurs. 
A microcrystalline sample obtained from molten pyrene, as 
described for the crystallization of HBC,[11] was studied by 
powder diffraction. A Le Bail refinement with the space group (P 
21/a) and lattice constants of HBC as starting values shows that 
the solid state structure of BN-HBC and HBC are isotypic (see 
Supporting Information). The packing of HBC that crystallizes in 
the γ motif was discussed comprehensively by Goddard et al.[11] 
We have reported earlier that the BN-HBC molecule is planar at 
the B3LYP/6-31G* level of theory.[5] 
Solid state 11B magic angle spinning NMR provides further 
information on the environment of the boron atoms. The 
quadrupolar coupling constant CQ (2.93(1) MHz) and the 
asymmetry parameter η (0.35(1)) are in good agreement with 
values computed at the B3LYP/6-31G* level of theory (calc. 
(B3LYP/6-31G*): CQ = 2.9 MHz, η = 0.38). We have observed 
earlier that measured and computed (B3LYP/6-31G*) NMR 
parameters are in good agreement for BN functionalized 
aromatic hydrocarbons.[5,9c] The isotropic 11B chemical shift δiso 
of 27 ppm, however, is found to deviate somewhat from the 
computed value (31 ppm, using the chemically related 
hexaphenyl borazine as reference). It was shown that the 
chemical shift of hydrogen atoms of solid HBC depend strongly 
on the stacking arrangement due to ring current effects.[12] 
Computational modeling using an aggregate consisting of at 
least three molecules was shown to improve agreement 
considerably.[12a] Using a trimer of HBC molecules from the 
published single crystal X-ray structure,[11] it is found that the 
carbon atoms comprising the central six-membered ring are 
shifted on average to higher field by 2 ppm. Assuming a similar 
influence of the π system of neighboring molecules on the boron 
atoms in BN-HBC, reasonably good agreement is obtained 
between experiment (27 ppm) and theory (29 ppm). 
BN-HBC sublimation onto a gold single crystal of (111) 
orientation was achieved in vacuum at approximately 400°C as 
monitored by low-temperature Scanning Tunneling Microscopy. 
High-resolution images (Figure 1) reveal the presence of 
adsorbates with a six-fold symmetric shape and a lateral size of 
15 Å. The molecular topography reflects the expected chemical 
structure of BN-HBC, and is in all aspects similar to that 
observed for unsubstituted HBC adsorbed on Au(111).[13] The 
measured electronic height of the molecule, 1.8 Å (Fig. 1c), is 
comparable with previous reports for other two-dimensional 
polyaromatic hydrocarbon molecules on a Au(111) surface.[14] 
This suggests that BN-HBC is flat-lying and two-dimensional. 
Larger scale STM images reveal that upon adsorption, the BN-
HBC molecules are preferentially adsorbed at the elbows of the 
herringbone reconstruction (as is the case in Fig. 1b), with a 
minority also adsorbed on the fcc regions of the surface. It is 
apparent that the symmetries of the molecule and of the 
substrate align, similarly to unsubstituted HBC/Au(111). 
 
Figure 1. STM images and height profile of BN-HBC/Au(111) acquired in 
constant-current mode at 4K. a) Atomically resolved image of the clean 
Au(111) surface prior to deposition (Vt = -0.06 V; It = 1.0 nA; 90 Å × 35 Å). b) 
STM image of a BN-HBC molecule adsorbed on an elbow of the Au(111) 
herringbone reconstruction (Vt = -1.7 V; It = 0.8 nA; 90 Å × 50 Å). The 
molecular structure of BN-HBC is superimposed on the STM image for 
reference. c) STM height profile of the BN-HBC molecule acquired along the 
dashed line shown in b), indicating an apparent height of 1.8 Å and a lateral 
size of 15 Å. 
In summary, we have discovered a pathway to a novel BN 
doped hexa-peri-hexabenzocoronene nanographene molecule 
that has a central borazine six-membered ring. The BN-HBC 
molecule is expected to be of use for synthesizing BN-doped 
graphene. Further investigations of its spectral and chemical 
properties and reactivity are underway in our laboratories. 
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